NEURO-NAVIGATION SYSTEM 


BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a neuro-navigation system comprising a reflector 
referencing system including passive reflectors and a marker system with markers or 
landmarks wherein the reflectors as well as the markers as regards their shape, size 
C3 and material selection as well as their arrangement or attachment on the parts of the 
m body to be operatively treated and on the surgical instruments are configured so that 
% mapping their locations is substantially facilitated or is able to take place more 
Jr accurately positioned by a computer/camera unit having a graphic display terminal as 
: s well as the operative treatment with the aid of this unit. Optionally a surgical 

y microscope, an ultrasonic diagnostic system as well as a calibration procedure may 

fti be integrated in the Neuro-navigation system in accordance with the invention. 
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flJ 2. Description of the Prior Art 

Neuro-navigation systems represent the link between the surgeon carrying out 
the operation, i.e. the anatomy of the patient as seen by the surgeon for operative 
treatment and diagnostic data furnished, for example, by computer tomography and 
visually displayed by the display terminal of a computer unit. 

To produce this link, i.e. to render the momentary positional data of the 
anatomy of the patient and that of the surgical instruments and apparatus employed in 
the operation visible on the display terminal of the computer, devices need to be 
made available which are capable of mapping the position of the patient and thus the 
precise location of the parts of the body to be operatively treated as well as the 
location of the surgical instruments and, more particularly, the tips thereof in a 
starting position and to keep track of them during the operation. 


For this purpose conventionally a computer unit is made available, to which 
two or more referencing cameras are connected. With these cameras both the position 
of artificial or natural landmarks affixed to the patient as well as the position of 
radiative emitters applied to the surgical instruments are mapped. 

The procedure as regards the landmarks affixed to the patient on systems 
hitherto is as follows: 

h Prior to implementing computer tomography a set of artificial landmarks is 

9 affixed to the patient surrounding the zone to be operatively treated. These landmarks 
yj which can be mapped by the cameras in both the computer tomography as well as 
J later in the operation are totally identical to each other, they being affixed to the 
patient by sticky plaster, for example. 

After this treatment the data of the computer tomography, i.e. both the 
j I 1 positional data of the artificial landmarks each identical to the other and the position 
ffj of the operation target and the surrounding areas are entered into the computer 
system which together with the referencing or mapping cameras is arranged on the 
operating table. This is followed by a time-consuming step in which the surgeon 
needs to access the individual landmarks on the patient with a pointer, he then having 
to enter into the computer which of the identical landmarks in the operating position 
correspond to those sensed in the computer tomography. For this purpose all 
landmarks need to be accessed a number of times, followed each time by the time- 
consuming manual assignment to the computer tomography (CT) data. Since the 
landmarks secured by sticky plaster fail to comprise characteristical reference points, 
which cannot be missed in accessing them with an instrument tip, mapping in this 
respect can only take place relatively inaccurately. 


m 
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A further disadvantage in this respect is that the conventional landmarks, once 
covered with sterile cloths, are no longer directly discernible, because of their flat 
configuration, and thus can no longer be accessed precisely in position should the 
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patient- already be covered. This causes problems particularly later on when the 
position of the patient is changed during the operation and the landmarks need to be 
reaccessed with the pointer for a readjustment. 

Furthermore, it is a disadvantage that the known landmarks, once affixed to 
the patient, are no longer removable by being able to be replaced by other landmarks 
in precisely the same position. 

JJ Conventional emitter systems for surgical instruments and apparatus employed 

3 in the operation are configured as follows: 

J; Two or more active emitters, emitting, for example, beams of infrared 

'J; radiation, are applied to each instrument or operation apparatus and act as spot 

¥> emitters located on a surface area. In the instrument an electronic device is provided 

q permitting emission of the signals, the instrument being connected at its rear end by 
a cable to the computer unit. Due to the emitted signals the computer unit is able to 

ifs identify the three-dimensional position of the instruments or the tips thereof. 

a 

ru 

This conventional instrument referencing system is also hampered by several 
drawbacks as explained in the following. Using active, i.e. self-emitting signal 
transmitters already has the disadvantage that electronic means need to be provided 
in the instruments which makes particularly the manufacture of such instruments 
more expensive. In addition, the cables attached to each instrument connecting it to 
the computer unit are an obstruction to movement and can get in the way during the 
operative treatment due to the many instruments often to be used. 

The emitters attached as points to a surface area of the instrument can be 
"seen" only in a very restricted angular viewing range of the camera system, i.e. 
they may easily be concealed by the instrument itself or by the hand of the surgeon. 


Sterilization of such instruments can only be done by gas sterilization. Such 
a gas sterilization may last up to a whole day, as a result of which several sets of 
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instruments need to be purchased to ensure that sterilized instruments are available 
for operative treatment at all times when often required. 


One serious drawback of the conventional referencing system is that the 
surgeon is only able to use exclusively the instruments made available by the system 
manufacturer. Many surgeons are, however, used to their own set of instruments and 
need to adapt when using another specified set of instruments which may have a 
negative effect on the outcome of the operation. 

s 

O It is a disadvantage that conventional Neuro-navigation systems fail to provide 

yj a simple calibration system with which the angles or spacing of the mapping or 

m 

p referencing cameras can be mapped or recalibrated at any time without complication. 

Since these cameras are often subject to a change in position during the operation due 
Q to, for example, one of the persons carrying out the operative treatment jolting the 
jjj camera stand, speedy and easy recalibration during the operation is of major 
fP- importance. 

a 
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In a neurosurgical operation it is often the case that a surgical microscope is 
used. Such microscopes are conventionally mounted on a heavy base and frame, the 
actual microscope as such being secured to the end of an articulated arm permitting 
powered and manual positional shifting of the microscope and signalling the 
positional data, for example, in sensing the angular position of the arm joints for 
feedback to a computer unit used in Neuro-navigation. 

The bases or stands of such microscopes need to be configured very heavy 
and safe-standing to prevent, for instance, jolting the microscope from possibly 
changing its position, thus ruining Neuro-navigation of the microscope calibrated at 
the outset to the starting position. Microscopes are namely conventionally unable to 
output any additional position feedback signals to the Neuro-navigation computer 
other than the positional data resulting from the position of the arm. 


In conclusion, it is often the case in neurosurgical operations that ultrasonic 
diagnostic systems, as known, for instance, in examination during a pregnancy, find 
application. It has hitherto been a drawback in the case of conventional systems that 
although the position of the sensed parts of the body could be related to the ultrasonic 
emitter' and detector, there was no possibility of simply assigning this data to a 
Neuro-navigation system made available on the operating table. 

SUMMARY OF THE INVENTION 

It is thus the object of the present invention to provide a Neuro-navigation 
system which overcomes the cited drawbacks of prior art by, more particularly, 
substantially facilitating mapping the locations of surgical instruments and apparatus 
employed in the operation as well as referencing the anatomy of the patient and the 
operation apparatus with the aid of the Neuro-navigation system in accordance with 
the invention or with more accurate positioning. It is furthermore intended to make 
it possible to integrate a surgical microscope, an ultrasonic diagnostic system as well 
as a procedure for calibrating the camera position in a Neuro-navigation system. 

This object is achieved by the subject matters of the independent claims. 
Advantageous embodiments are defined by the sub-claims. 

The referencing system in accordance with the invention operates with passive 
reflectors instead of prior art active signal emitters, this referencing system being 
employed for neurosurgical instruments and apparatus employed in the operation. 
More particularly, this involves the application of a source of preferably infrared 
radiation, at least two mapping or referencing cameras and a computer unit with a 
graphic display terminal connected to the cameras. In accordance with the invention 
the reflector referencing system comprises at least two reflectors which can be 
applied replaceable via adapters to instruments or apparatus employed in the 
operation, i.e. in an arrangement which is exclusively characteristical for this array 
of reflectors. The special advantage of such a referencing system employing passive 
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signal transmitters, i.e. reflectors, is that due to the characteristical individual 
arrangement of the reflectors each surgical instrument reflects an image which can be 
sensed characteristically exclusive for the particular instrument concerned, this being 
the reason why the computer unit immediately "recognizes" each individual 
instrument via the camera sensing and is able to explicitly display the position of its 
tip, for example. 

Since passive, i.e. reflective, emitters are used, a cable connection to the 

h* computer unit as well as an electronic "internal life" of the instruments is no longer 

O 

m necessary, thus giving the surgeon more freedom of movement due to obstructions by 

% cables being eliminated. 

o 

y, The reflectors which can be removably attached preferably via adapters to the 

" instruments or apparatus employed in the operation open up the possibility of 

W 

carrying out an autoclave sterilization of the instruments once the reflectors have 

ffj 

been removed. Unlike prior art gas sterilization such an autoclave sterilization can be 


carried out in much shorter time (roughly 20 min.), thus merely making it necessary 
to provide one or more sets of sterilized reflectors for attachment to the instruments 
sterilized in autoclave sterilization, i.e. there no longer being a need to provide 
several complete sets of instruments as in prior art. 

The reflectors to be removably attached via adapters to the surgical 
instruments can be positioned at a certain spacing away from the attachment surface 
area, as a result of which a much greater angular range materializes, as compared to 
conventional systems, in which the reflectors can still be viewed by the camera 
system. 

In one advantageous aspect of the reflector referencing system in accordance 
with the invention the reflectors are configured spherical and provided with a 
reflective coating, balls of this kind emitting a uniform reflection image as viewed 
from all directions in space. 


It is advantageous when two of the reflectors in accordance with the invention 
are secured to an instrument, more particularly, to connectors attached to a pointer 
or a calibration rod. Such connectors permit the reflectors to be attached and 
removed easily and positionally exact. The spacings of the two reflectors are 
established by the positions of the connectors characteristical for each instrument 
permitting the latter to be tracked and identified by the navigation system in every 
phase of the operation. 

In a further aspect of the referencing system three reflectors are secured to at 
least one arm end of an adapter configured by three reflector arms and a fastener 
base in each case, the fastener base being securable to a surgical instrument or an 
operation apparatus. In turn the three reflectors attached to the arm ends of the 
adapter are provided in a characteristical arrangement, i.e. for each adapter the 
angular position of the arms as well as their length, for example, is individually 
unique as a result of which a characteristic reflection image for each adapter 
materializes. The great advantage of this configuration is that such an array of 
reflectors can be secured to practically any surgical instrument by its adapter via the 
fastener base. This opens up the possibility for the surgeon to continue to employ the 
instruments to which he is used to, i.e. to incorporate them in the Neuro-navigation 
system. All that is needed for this is a brief calibration to a reference adapter, 
described later, to teach the system the position of the tip of the surgical instrument. 
This adapter system too simplifies sterilizing the instruments in the way as already 
described. The system provides a sufficient number of adapters having characteristic 
arrays of reflectors so that all necessary instruments can be put to use with the 
Neuro-navigation system. 

The aforementioned reference adapter is made available in accordance with a 
further advantageous embodiment of the present invention, it likewise comprising a 
fastener base having three reflectors securable in a particularly characteristic 
arrangement to the end of three arms, the base being provided at its end with a 
clamping device adapting flexibly to the fastening position in each case. 


This reference adapter has, more particularly, two functions. For one thing it 
can be secured to a point firmly connected to the operating table, for example, to the 
device for holding the part of the body to be operatively treated. As a result of this 
and due to the fact that the computer unit assigns the characteristic image exclusively 
to this reference adapter, this ensures that positionally accurate referencing of all 
anatomical data of the patient as well as a reflection pattern which is fixed relative to 
the patient is still made possible even when it is necessary during the operation to 
u shift or tilt the operating table or should its position be accidentally changed by it 
O • being jolted. The reflection of the reference adapter signals the position of the system 
5 part firmly connected to the patient to the computer unit at all times so that no 
% inaccuracies and no collapse of the navigation can occur due to such changes. 
I 

f" The clamp on the fastener base of the reference adapter may be configured in 

!|j various ways, for instance, it being configured with a screw clamp for attachment to 
fS a retaining device, whilst in the case of it being attached to a bone part, soft and 

positionally flexible clamp ends may be used to avoid damage of bone tissue, this 
^ latter possibility being useful, more particularly, in the case of an invasion in the 

spinal region where the reference adapter is secured, for example, to extensions of 

the vertebrae. 

In another aspect of the reference adapter it features preferably at the starting 
point of the three arms a conically tapered funnel having a central calibration point 
for the tips of the surgical instruments, this being the case in which the second 
function of the reference adapter is useful. As already explained, the reference 
adapter characterizes in the navigation system a point which is fixed in relation to the 
patient. This property can be made use of by a calibration point being simultaneously 
assigned to the reference adapter with the aid of which the tip positions of the 
surgical instruments can be mapped. As to be explained later use can also be made of 
this calibration point in mapping the three-dimensional positions of other apparatus. 
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Surgical instruments, more particularly, instruments which the surgeon has 
been used to for a long time, can be fitted, as already described, with a triple 
reflector adapter which then provides a characteristic reflection image of the 
instrument concerned. For this purpose, however, the navigation system needs to be 
informed of where the tip is located, use being of the calibration point on the 
reference adapter for this purpose. The surgeon applies the tip of his instrument to 
the calibration point known in location, this being facilitated by the funnel of the 
bowl conically tapered to this point, the tip also being established by it being located 
absolutely motionless. The surgeon then executes a few spatial movements with the 
end of the instrument to which the triple reflector adapter is secured. In this 
movement, since the tip of the instrument is motionless, each reflector covers a 
3 distance which is located on a spherical surface area at the perpendicular spacing of 

'% the reflector away from the centerpoint of the funnel. The computer unit of the 

** navigation system is able to identify this special movement and "recognizes" that with 

Q this triple reflector adapter a tip calibration has just been made, it then computing the 

spacing of the tip away from the reflector in each case and thus the tip position of the 
surgical instrument and assigning it to the characteristic reflection pattern of the three 
reflectors applied to the instrument. The instrument is thus calibrated and explicitly 
identified, i.e. it can be put to use throughout the complete operation. 

The marker system for referencing and mapping parts of the body to be 
operatively treated neurosurgically comprises at least three artificial landmarks and 
just as many devices for attaching the landmarks to the patient. In accordance with 
the invention each individual landmark provides a unique image characteristic both 
for mapping the diagnostic data of the patient and for subsequently monitoring the 
operation. 


m 


As compared to prior art which, as already mentioned, works with landmarks 
affixed by e.g. sticky plasters, the marker system in accordance with the invention 
features the following advantages: 
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The landmarks can be identified individually, i.e. both during the 
computertomography and by the Neuro-navigation system during the operation. The 
individually mapped landmarks are assigned to only one position in the three- 
dimensional coordinate system, i.e. there is no possibility of the cameras confusing 
the landmarks when being mapped by the Neuro-navigation system. 

Due to this configuration there is now no need for the troublesome first step 
in referencing the patient as required by prior art. Although the surgeon still needs to 
access at least three landmarks individually there is now, however, no need to 
manually assign the positions for these landmarks in each case since the Neuro- 
navigation system "recognizes'* the reflection of the accessed landmark and assigns its 
position exclusively to that of the landmark mapped in the computer tomography 
having the same characteristic image, thus saving the complete time needed for 
landmark assignment. Since the three-dimensional arrangement of the landmarks 
relative to each other also produces a characteristic image in the Neuro-navigation 
system, it is usually sufficient to access three landmarks with a pointer, the tip 
position of which is known to the system, for example, by an aforementioned 
reflector arrangement to implement a sufficiently accurate referencing of the 
anatomical data of the patient. The marker system in accordance with the invention 
thus permits to advantage a very much quicker and more accurate- mapping and 
referencing of parts of the body to be operatively treated by neurosurgery. 

The aforementioned landmarks may consist of metal bodies which due to their 
specific material density, size, shape and arrangement relative to each other can be 
individually distinguished in data acquisition in a computer tomography as well as in 
mapping with infrared cameras. Preferably, these landmarks consist of aluminum 
bodies of a specific shape or size removable from their fasteners. Such aluminum 
bodies are simple to manufacture and easy to map due to their metallic nature. In 
addition, they are relatively lightweight and thus do not detach by their own weight 
the fasteners, to which they are releasably secured, from the patient. The two-part 
arrangement of the landmarks also plays an important role. The fasteners, affixed to 
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the skin of the patient, for example, by an adhesive applied to the base part, may be 
configured somewhat prominently, for instance, as a base to which the corresponding 
landmark can be secured by means of a connection or some other kind of quick- 
release fastener, thus making it basically possible to swap the landmarks for 
implementing special setting procedures. Furthermore, the complete marker with its 
fastener base and mounted landmark protrudes sufficiently far from the patient so that 
it can still be simply located even when hidden by sterilizing cloths. 

The marker system in accordance with the invention is supplemented in a 
particularly preferable embodiment thereof by it comprising an additional set of 
funnel-shaped landmarks, the funnel centerpoint of which corresponds to the 
centerpoint of the landmarks for which they can be swapped prior to referencing on 
the operating table. 

By supplementing the marker system in this way the accuracy of mapping and 
referencing the anatomy of the patient can be enhanced to a significant degree. The 
landmarks employed in the computer tomography are removed from the fasteners on 
the patient after the computer tomography and replaced by landmarks which feature 
a means having a tapered internal funnel by means of which the centerpoint or 
starting point thereof is positioned precisely at the center of the landmark, so that the 
tip of the surgical instrument can be applied precisely in position in referencing and 
is unable to be shifted out of place. 

Should, for example, the landmark as used in the computer tomography be a 
ball having a certain diameter, this can be replaced after the computer tomography by 
e.g. a three-quarter ball of the same diameter having at its upper section a funnel 
which tapers precisely to the centerpoint of the ball. Due to its diameter being in 
agreement the three-quarter ball is still identifiable as being the same landmark as the 
complete ball which it replaced. 
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In the step of identifying the landmark as described above, the surgeon can 
now access precisely the centerpoint of the landmark with the pointer. As a result of 
this, inaccuracies in accessing the point, as may result in the system as compared to 
prior art, the landmarks of which fail to provide any prominent points, can be 
avoided very well, i.e. referencing and mapping the landmark centerpoint now being 
implemented with excellent precision. In this referencing procedure too, the same as 
in the calibration procedure by means of the calibration point of the reference adapter 
as explained above, the tip of the pointer can be maintained at one position whilst its 
end is moved. In referencing each landmark the computer unit is informed by the tip 

£j being motionless whilst the pointer is moved that at this time a landmark referencing 

jjj procedure is being done. 

i 

* This "funnel configuration" is furthermore of advantage when the landmarks 

need to be re-referenced for some reason during the operation. When namely the 

Q patient has already been covered by sterile cloths and the landmarks are under these 
cloths they can still be well identified due to their prominent structure. Due to the 

?P configured funnel shape and because the sterilization cloths are relatively thin the 

(fj centerpoint of the landmarks can now also be accessed very accurately even though 
the landmarks are already covered by cloths, i.e. there is no longer a need to uncover 
the patient should referencing need to be repeated and recovered after referencing 
which is never possible in actual practice. 

The invention comprises furthermore a calibration procedure for mapping the 
angles and spacings of referencing cameras in which a calibration tool having two 
reflectors applied at predetermined positions at a known spacing are incorporated in 
the viewing range of both cameras, the calibration tool being moved three- 
dimensionally in the viewing range, several intermediate positions of the calibration 
tool being imaged by the referencing cameras and converted by means of a computer 
unit individually into three-dimensional coordinates and the computer unit computing 
and memorizing the angular and spacing positions of the cameras from the three- 
dimensional positions of the reflectors. 
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The possibility of the camera stand or the cameras themselves being jolted by 
a participant in the operation can never be completely excluded. Such a change in 
position of the cameras during the operation may, however, result in different images 
suddenly being furnished to the computer system. For undertaking a recalibration, 
taking up little time, but also for implementing an initial calibration, the procedure as 
described above in accordance with the invention offers an advantageous possibility 
since the computer unit knows the shape of the reflectors and their spacing away 
from the calibration tool and is thus able to "recognize" in a separate camera setting 
calibration step of this calibration tool when the latter is swivelled into the viewing 
range of the cameras. The information resulting from "snap shots" of several 
positions of the calibration tool during its movement enable the computer unit to 
deduce the camera position from the known data of the calibration tool, i.e. in but a 
short time the computer unit is able to "recognize" the camera position. This 
procedure saves time firstly in the initial setting and is secondly well suited also for 
readjusting following a change in camera position due to it being speedy and simple 
to implement. 

In a three-dimensional movement of the calibration tool in calibrating the 
cameras it is of advantage when both reflectors are spaced away from each other as 
far as possible at all times, i.e. relative to the projected camera mapping plane. This 
is why in an advantageous aspect of the calibration procedure the three-dimensional 
movement of the calibration tool and thus of the reflectors is displayed throughout on 
a graphic display terminal, for example, the monitor of the Neuro-navigation system. 
The movements can then be implemented so that both reference points are spaced 
away from each other as far as possible on the display in enhancing the speed and 
accuracy of the calibration. 

A pointer provided with removable reflectors may be used to advantageous as 
the calibration tool, this pointer being needed in any case for each operation. The 
data of the reflectors as well as their spacing are then input into the system as the 
data of the calibration tool. 
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As an alternative there is the possibility of employing a separate calibration 
rod provided with removable reflectors, this calibration rod then being employed 
each time associated with the system concerned. Advantageously such a calibration 
rod may be longer than a pointer, for example. In this way too, the speed and 
accuracy of the calibration can also be improved. 

The invention relates furthermore to a control for a surgical microscope, this 
microscope comprising the following components: 

'Q a microscope stand having a base and several articulated arms movable on 

jjj each other three-dimensionally powered or manually, and a microscope mounting or 

W control unit, 

■M a source of preferably infrared radiation, at least two mapping or referencing 

]. cameras, and 

*j a computer unit and graphic display terminal connected to the cameras. 

m 

m 

5>j In accordance with the invention the microscope is characterized by at least 

W three reflectors being applied thereto removably via an adapter in an arrangement 
characteristic exclusively for this reflector array. 

As mentioned at the outset, the drawback of prior art microscopes is that these 
are only able to feed back their position signal to the computer unit of a Neuro- 
navigation system relative to the angle setting of the carrier arm parts, this being the 
reason why they need to be fitted with very heavy stands and bases so that no 
accidental shift in the position of the microscope could result in Neuro-navigation 
losing reference and having to be discontinued. 


The microscope control in accordance with the invention comprising a 
characteristic reflector arrangement adapted on the microscope now offers the 
possibility of a further feedback of microscope mapping data. Due to the special 
arrangement of the reflectors a Neuro-navigation system is able to identify this 
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arrangement as a microscope reflector arrangement at any time. The microscope 
position is thus signalled via the camera system to the computer directly as a three- 
dimensional position. Accordingly, even if the microscope is jolted, the data from the 
arm joint position and that of the reflector position can be compensated at any time, 
i.e. Neuro-navigation remains intact even if the microscope is jolted in position. 

Three-dimensionally positioning the microscope is done to advantage in a first 
calibration by focusing the optics of the microscope on a point having known three- 
dimensional coordinates, preferably the calibration point of a reference adapter, the 
focusing data being transferred to the computer unit by a data transfer means whilst 
the same computer unit establishes the three-dimensional position of the microscope 
by means of the reflectors and cameras. 

In this case, use is again made of the aforementioned calibration function of 
a reference adapter which is likewise provided with a triple reflector arrangement. To 
signal the computer unit where the microscope is located in a starting position the 
microscope can be focused to the centerpoint of the funnel of a reference adapter as 
described above. The computer then receives data as to the zoom factor and the focal 
spacing via data transfer means, for example, a data line, from the microscope and 
thus "recognizes" - because the three-dimensional location of the calibration point is 
known - the position of the focal point as well as the microscope position from the 
reflection points of the reflectors applied to the microscope. From this data precise 
mapping of the microscope is possible. 

After the first calibration there is now the possibility in accordance with the 
invention - by signalling the motors for moving the microscope by the computer unit 
or by feedback of the microscope movements and mapping data thereof to the 
computer unit - to carry out the following control sequences: 

a) automatically tracking and focusing an instrument tip, the position of which 
is known to the computer unit via reflectors; 
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b) automatically focusing a memorized and predetermined point of operative 
treatment, and 

c) focusing a point of operative treatment from various three-dimensional and 
angular positions of the microscope, 


thus enabling the following activities to be implemented: the surgeon points 
the tip of a pointer provided with reflectors known to the navigation system at a 
location of the part to be operatively treated, the computer unit thereby identifying 
the coordinates of this position and running the microscope to this position and 
O precisely adjusting the focus to this position. This saves the surgeon having to do the 
m complicated maneuvering tasks with the microscope control system. The surgeon is 
l % also able to supply the system with a certain point which he has already focused, for 
memorizing. This point can afterwards be refocussed by the microscope at any time 
when simply commanded. Sometimes, particularly when focusing needs to be done 
within cavities having only small openings, the imaginary line of focus of the 
microscope must be "jiggled" about this opening to "illuminate" the cavity as a 
whole. By means of the present control there is likewise the possibility of 
memorizing the point of concentration of this line and to undertake an illumination as 
described before. 


Furthermore, in accordance with the invention an ultrasonic diagnostic system 
including a ultrasonic emitter/detector and an analyzer and a display connected 
thereto is defined. This system is characterized in accordance with the invention by 
a reflector adapter having at least three reflectors being secured to the ultrasonic 
emitter/detector, this reflector adapter being integrated in a reflector referencing 
system, as described at the outset. 


With such an aspect in accordance with the invention data received by an 
ultrasonic diagnostic unit can now be mapped in a Neuro-navigation system. The 
ultrasonic emitter/detector also features an array of reflectors in a special 
arrangement identified by the computer as being unique thereto. When the data 
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established by the ultrasound system is calibrated with the anatomy data from the 
computer tomography this system also obviates the difficulties which could possibly 
otherwise materialize by the tissue to be operatively treated "collapsing" somewhat 
after an opening has been made in the layers of tissue located above the area of 
operative treatment. 

In all the Neuro-navigation system in accordance with the invention comprises 
several- components, namely a reflector referencing system, a marker system, a 
q calibration procedure for the cameras, a microscope control and an ultrasonic 
jjj diagnostic system. It will be appreciated that all of these parts of the system may be 
W each put to use and achieved separately whilst being useful in any combination 
jp thereof in bringing the advantages as described above over prior art to effect. 

0 BRIEF DESCRIPTION OF THE DRAWINGS 

m 

•i 

The invention will now be described in more detail by way of an example 

1 II with reference to the drawing in which: 

Fig. 1 illustrates a frame in which a computer unit with a keyboard is 
accommodated, on which a computer monitor as the graphic display terminal 
stands and to which a camera mount with two infrared cameras is attached; 

Fig. 2 illustrates a neurosurgical pointer having reflectors in accordance with the 
invention attached thereto; 

Fig. 3 illustrates a surgical pincette, to the rear end of which an adapter having three 
reflectors in a special arrangement is secured; 


Fig. 4 is a cross-section through a pointer provided with two reflectors; 
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Fig. 5 is a plan view of a reference adapter having three reflectors and a calibration 
point; 


Fig. 6 illustrates a calibration rod on a smaller scale; 

Fig. 7 illustrates a landmark prominence as used in producing a computer 
tomograph; 

f** Fie 8 illustrates a landmark prominence as used in referencing landmarks on the 
3 operating table; 

a 

0 Fig. 9 is a cross-section through a base for securing the landmark prominences as 

-¥'■ 

f*a shown in Figs. 7 and 8; and 

11 Fig. 10 is a plan view of the fastener base shown in Fig. 9. 

-ft! 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 


In an operating theater in which the Neuro-navigation system in accordance 
with the invention is put to use, a frame as identified by the reference numeral 10 in 
Fig. 1 stands, for example, at one end of an operating table. Accommodated in this 
frame is a computer unit 11 and various other control units such as, for example, a 
keyboard (not identified). Connected to this computer unit is the monitor 12 placed 
on the frame. This monitor displays in various views, also in a three-dimensional 
view, section planes or images of the anatomy of the patient, it also showing the 
positions of surgical instruments or reflectors attached to these instruments and to the 
operation apparatus. Additional information may be output in further fields on the 
screen. 
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Likewise secured to the upper part of the frame, on which the monitor 12 
stands, is the camera mount 13. This camera mount 13 is configured adjustable and 
carries at the ends of its upper arms two infrared cameras, identified by 14. 

The aforementioned components are, of course, interconnected by data 
transfer lines. The cameras 14 view the portion of the operating table where operative 
treatment is taking place and can map three-dimensional coordinates of surgical 
instruments and apparatus employed in the operation provided with reflectors which 

h* reflect infrared beams. 

£3 
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The head of a patient is secured firmly in place on the operating table, for 
5 example, by a locating device. The coordinates of the anatomy of the patient are 
Z initially signalled to the computer unit 1 1 shown in Fig. 1 by a marker system, further 
% described in the following, by computer tomography data, the arrangement of the 

rfl markers during the operation at any one time also being referenced locally with the 

ITJ 

jjj aid of the computer unit and the cameras. 

3 

lU 

For this purpose use is made of the pointer 20 shown in Fig.2. The pointer 20 
comprises two reflectors 21 and 22 applied to it by connectors. The spacing and 
shape of these reflectors 21 and 22 are known to the computer unit 11, i.e. this 
pointer 20 is always the one which is assigned to the computer system in each case. 
Also known to the computer unit 20 is the position of the tip 23 of the pointer 20. 
When this pointer 20 is brought into the viewing field of the cameras 14 it can be 
directly "recognized" by the system, i.e. its tip 23 can be displayed on the monitor 
12. 


Fig. 3 now shows a surgical pincette 30. Releasably connected to the rear end 
of this pincette 30 is an adapter 31 carrying on its arms three reflectors 32, 33 and 34 
having a characteristical arrangement which is assigned exclusively to this adapter in 
the navigation system. Such a pincette 30 may be any pincette to which the adapter 
31 can be applied, it may also be a pincette with which a neurosurgeon has already 
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worked for years. To enable the pincette 30 to be put to use the Neuro-navigation 
system must first be informed as to the position of the pincette tip 35. For this 
purpose, as already described relative to the reflector referencing system, a three- 
dimensional point known in the navigation system is accessed by the pincette tip 35, 
circular movements then being implemented with the end of the pincette 30. The 
computer unit 11 "recognizes" via the cameras 14 the special arrangement of the 
reflectors 32, 33 and 34 and is able to establish the position of the tip from its 
movements with the tip 35 of the pincette 30 stationary. 

S The pointer 20 as shown in Fig. 2 as well as the pincette 30 shown in Fig.3 

P are intended to represent as an example all instruments as employed in neurosurgical 
W invasions. The system operates cordless with a reflector adapter having passive 
Jf reflectors as shown in Fig. 3. These may also be secured, for example, to ultrasonic 
— diagnostic units and neurosurgical microscopes, calibration of a microscope then 
Q being implemented, as described, by focusing a mapped calibration point. 
•J 
f!J 

Si Fig. 4 shows a section view of the pointer 20 of Fig. 2 in a different plane, 

U clearly making it evident that the reflectors 21 and 22 are applied to the position 
pointer 20 by connectors. The reflectors 21, 22 are thus removable. Since the 
reflectors 21, 22, which are usually configured with a sensitive reflective coating, are 
the only parts of the position pointer 20 having a high sensitivity as regards 
sterilization, the position pointer 20 with the removable reflectors 21, 22 can be 
sterilized very easily and quickly. Once, namely, the reflectors 21, 22 have been 
removed an autoclave sterilization can be carried out, after which a new prepared set 
of sterilized reflectors 21 and 22 can be mounted. Accordingly, the position pointer 
20 can thus be quickly returned to use sterilized. 

Fig. 5 is a plan view of a reference adapter 50 which has already been 
described a number of times, and which is secured to a part fixed in location relative 
to the patient by a clip concealed under its centerpoint. This part may be, for 
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example, the means for locating the head of the patient as well as a spike extension 
in a vertebra body. 


The reference adapter 50 consists of the arms 51, 52 and 53 having a length 
and angular setting exclusively characteristical for this reference adapter. Secured to 
the end of these arms 51, 52 and 53 are the reflectors 54, 55 and 56 respectively. 
Due to this reflector array and its characteristic arrangement and/or size the reference 
adapter 50 can be explicitly identified in position at any time by the Neuro-navigation 
\ t system. It is normally the case that the position of the reference adapter 50 always 
3 remains the same during the operation. Should it be necessary to change the position 
jjj of the patient the reference adapter 50 connected positionally located to the referenced 
g anatomy of the patient can also be subsequently mapped and tracked at any time by 
}S* the navigation system so that the "big picture" of the patient reference system remains 
JU known to the computer unit 11 at all times. 
I 

ill The calibration point 57 plays a special role as regards the reference adapter 

% 50, this calibration point being assigned to the starting point of the three arms 51, 52 
and 53 in this example. The calibration point 57 is located in a bowl so that it can be 
precisely accessed in position by instrument tips (for example, the position pointer tip 
23, Fig. 2 or the pincette tip 35, Fig. 3). After accessing, the instrument is moved, 
the centerpoint of which forms the tip, i.e. the bowl of the reference adapter 50 in 
the calibration point 57. Calibration as already described in detail can then be carried 
out. 

Shown on a very small scale in Fig. 6 is a calibration tool, represented in this 
case by a calibration rod 60 which in reality should have a length of at least 40 cm or 
so. Reflectors 61, 62 are arranged respectively at both ends of the calibration rod 60 
in a predetermined spacing known to the computer 11. The characteristic properties 
of the reflectors 61, 62, also configured removable in this case, namely their size as 
well as their spacing on the calibration rod 60, are known to the computer unit 1 1 
which assigns them exclusively to this rod. With this rod 60 the already described 
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calibration procedure can be carried out for setting the angle and spacing of the 
cameras 14. 


Ill 


Fig. 7 shows a landmark prominence as employed in mapping the anatomy of 
the patient in a computer tomograph. This prominence is identified by 70, it 
comprising a spherical main body 71 which, for example, is a ball of aluminum. 
Fitted to the bottom of this aluminum ball - which can be identified by the computer 
tomography as well as by the Neuro-navigation system individually due to its size 
being unique in the system - is a latching protrusion 72 with which the landmark 
prominence 70 can be inserted and latched in place in a fastener 90 (Fig. 9). 


5 A landmark prominence by which the landmark prominence 70 shown in Fig.7 

;f* is replaced after computer tomography is identified in Fig. 8 as landmark prominence 
80. The dimensions of the main body of the landmark prominence 81, i.e. the ball 
Z diameter corresponds to those of the landmark main body 71 shown in Fig.7. The 
jjj landmark prominence 80 has been modified to the extent that an upper part of the ball 
Q has been cut off and a bowled funnel 83 machined in the ball, the tip of this funnel 
precisely locating the center of the ball, as is evident from the scrap view shown in 
Fig. 8. The latching protrusion 82 corresponds precisely to the latching protrusion 72 
(Fig. 7). 


Once the patient data has been mapped in the computer tomograph the 
landmark prominence 70 is replaced by the landmark prominence 80. Since both balls 
have the same diameter the landmark prominence 80 can be identified by the Neuro- 
navigation system as being the same landmark mapped as landmark 70 in the 
computer tomograph. The bowl with the funnel-tapered tip permits precisely 
accessing the centerpoint of the ball by the tip of the surgical instrument in 
referencing the landmark in the course of calibrating the Neuro-navigation system, 
thus making it easier and quicker to reference which can also be carried out after 
covering with sterile cloths. 
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Fig. 9 depicts a fastener 90 which is secured, for example, to the skin of the 
patient by means of a sticky plaster on the underside of the fastener. The base 92 of 
this fastener 90 comprises an insertion opening 91 into which both the landmark 
prominence 70 as well as the landmark prominence 80 evident from Figs. 7 and 8 
can be inserted and latched into place. Fig. 10 shows the fastener 90 as seen from 
above, it being evident that an additional nose-shaped opening 100 is incorporated in 
the base 92 through which the latching protrusions 72, 82 can be introduced. Turning 
the landmark prominences 70 and 80 as a whole then causes their lower protrusions 

M to latch into place in the through-hole 91 of the base clasping the lower ridge thereof 

O 

ijl to firmly remain in place. 

m 
w 

O After having explained the salient components of the Neuro-navigation system 

y, in accordance with the invention, the invention will now be further detailed by 
% describing a typical operative treatment sequence. 

'ift On a patient requiring brain surgery firstly five landmark bases 92 are affixed 

y to the skin surrounding the portions of the cranium to be opened. For referencing the 
anatomical data to a computer tomography five spherical aluminum landmark 
prominences 70 are inserted in the bases 92. The locations for attaching the 
landmarks are selected so that they experience minimum displacement during 
operative treatment, it being required that they are located as near as possible to the 
point of operative treatment whilst being spaced away from each other as far as 
possible. At least three landmarks need to be used, although making use of two 
additional landmarks endows the system with added accuracy and reliability. 

Next, a computer tomography is made in which the portions to be operated on 
as well as the landmarks are mapped relative to each other. 

Whilst the patient is being brought to surgery the CT data is stored on optical 
disks which are then brought to the computer unit 1 1 which reads the data for image 
display on the monitor 12. These images are section images in various planes as well 
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as a three-dimensional image. The surgeon can plan his operation strategy according 
to these images. Whilst the anaesthetics of the patient are being prepared the position 
of the cameras 14 on the stand is calibrated, the surgeon using for this purpose a 
calibration rod 60 having two reflectors 61 and 62 and moving it in the viewing field 
of the cameras 14. By viewing roughly ten momentary positions of the reflectors 61 
and 62 on the calibration rod 60 in brief spacings the system is able to "recognize" 
and memorize the camera position. 

The head of the patient is then rendered unmovable in any direction on the 
M operating table by a locating means. This is followed by replacing the spherical 
5 landmark prominences 70 by the partial spherical landmark prominences 80 provided 
|fjj with positioning funnels 83. 

3 

p After sterilization the patient is covered with sterile cloths, these also 

^ concealing the landmarks 80. Covering may be done by means of conventionally 

Kl cloths or by means of a transparent plastics film. 

PU 
J 

'} In the next step a reference adapter 50 is attached to the device locating the 

head of the patient. This reference adapter is identified by its unique reflector 
arrangement, its position as well as the position of its calibration point 57 being 
established by the Neuro-navigation system. 

Using a pointer 20 known to the system and likewise identified, the surgeon 
is then able to access the five landmark prominences 80, i.e. by introducing in each 
case the tip 23 of the pointer 20 precisely into the tip of the funnel, which is the 
centerpoint of the ball 81. From the known data of the landmark prominences in each 
case, each of which is distinguishable, the system is able to identify each of the 
landmarks concerned within seconds and thus also to read the anatomical data of the 
patient "from the computer tomography into its mapping system. The position of the 
tips of the neurosurgical instruments can now be displayed on the monitor 12 relative 
to the adapter, this applying also for any surgical instrument to which a reflector 
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adapter 31 has been applied after calibration at the calibration point 57 of the 
reference adapter 50. 


To precisely define the location at which an invasion needs to be made, the tip 
of a pointer, pointing to the scalp, can be virtually extended in length. The surgeon 
has a virtual view of the lesion to be operatively treated from the monitor output and 
is able to define in advance the optimum path of invasion from the likewise virtual 
extension in length of his instrument. 

N* After the cranium has been opened at the position thus located a pincette 30 

q having a triple reflector adapter 31 attached thereto can be calibrated at the 

% calibration point 57 of the reference adapter 50, i.e. the precise location of the 

O pincette tip 35 is defined. Using this pincette 30 resection of the lesion can then be 

2 undertaken, the surgeon being able to trace the tip 35 of the pincette 30 at all times 

■ on the display 12. 

m 

m 

Resection of the lesion can thus be carried out by this method in avoiding 

O destruction of healthy tissue to a major degree. Furthermore, the operation can be 

ill 

implemented in a very short time. All instruments used can be moved cordlessly due 
to the application of passive reflectors, saving the surgeon from obstructions during 
the operation. In making use of triple reflector adapters he is able to employ the 
instruments he is used to. All of these factors may result in an overall improvement 
in the outcome of the operation. 


